INTRODUCTION
Numerous experimental studies have investigated the coprecipitation of trace and minor elements in calcite (reviewed by Morse and Bender 1990; Mucci and Morse 1990) . One of the most intensely studied coprecipitation reactions has been the incorporation of Sr in calcite, primarily because of the utility of Sr in diagenetic and paleoceanographic studies. In particular, Sr content is a critical measurement utilized in diagenetic modeling of sedimentary carbonates (e.g., Banner and Hanson 1990; Richter and Liang 1993) .
Experimental determination of partition coefficients in calcites has generally involved two different techniques: (1) direct precipitation of calcite from Sr-bearing solutions (e.g., Lorens 1981; Mucci and Morse 1983 ; Pingitore and Eastman 1986); or (2) replacement of aragonite (AC) or dolomite (DC) by calcite in Sr-bearing solutions (e.g., Katz et al. 1972; Baker et al. 1982; Stoessell et al. 1987) . A wide variation in the magnitude of experimentally determined Sr distribution coefficients in calcite (D ) has been c Sr observed by these two techniques. This variation has mainly been attributed to the influence of variable precipitation rate (e.g., Lorens 1981; Tesoriero and Pankow 1996) . Lorens (1981) showed that D values increased with c Sr increasing precipitation rates in direct precipitation experiments. Tesoriero and Pankow (1996) also observed that D values remain nearly constant c Sr below a threshold precipitation rate. The slow precipitation rates and low values of D associated with AC and DC reactions are thought by some c Sr workers to be more representative of rates of natural calcite diagenetic reactions than are values determined in direct precipitation experiments (Katz et al. 1972; Baker et al. 1982; Morse and Mackenzie 1990; Carpenter and Lohmann 1992) .
Previous experimental studies on the temperature dependence of D c Sr have produced conflicting results. Earlier work (Joshi 1960; Holland et al. 1964; Kinsman 1969; Usdowski 1973 ) demonstrated a large, inverse temperature dependence of values of D from direct-precipitation experiments c Sr between 25Њ and 100ЊC. Unfortunately, these early experiments were conducted without monitoring the rate of calcite precipitation. In contrast, Katz et al. (1972) concluded from AC experiments that there was an insignificant temperature dependence of D in solutions with approximately seawater c Sr ionic strength over the temperature range of 40Њ to 98ЊC. This conclusion has been generally accepted in the literature (e.g., Pingitore and Eastman 1986; Rosenthal et al. 1997 ). The few results reported by Baker et al. (1982) suggest a somewhat greater, positive temperature dependence in AC replacement experiments conducted over a narrow temperature range from 60Њ to 80ЊC. Stoessell et al. (1987) 
METHODS
Aragonite was prepared from reagent-grade chemicals by a method similar to that described by Wray and Daniels (1957) as modified by Katz et al. (1972) . After heating to 70ЊC a 0.2 M Na 2 CO 3 solution was poured slowly into a vigorously stirred 0.2 M CaCl 2 ·2H 2 O solution maintained at 70ЊC. The mixture was filtered immediately, rinsed thoroughly with distilled deionized water, and dried at 60ЊC. The material was analyzed by powder X-ray diffraction (XRD) to ensure purity of the aragonite starting material (i.e., no calcite was observable on XRD patterns). In each AC experiment, approximately 500 mg of aragonite was precisely weighed and reacted in 100 ml of solution (0.7 M NaCl ϩ 0.054 M CaCl 2 ·2H 2 O ϩ 0.000542 M SrCl 2 ·6H 2 O; I ϭ 0.86 M). Most of the AC experiments were performed in duplicate at approximately the same temperature.
Dolomite was prepared from reagent-grade calcite by reaction at 200ЊC for two weeks in a solution with a molar Mg/Ca ratio of approximately 1.3. Analysis of the starting material by XRD indicated that the dolomite was ordered and nearly stoichiometric (48.5 mol % MgCO 3 ). In each DC experiment, approximately 150 mg of dolomite (except experiments at 60Њ and 78ЊC that utilized 250 mg) was precisely weighed and reacted in 100 ml of solution (0.49 M NaCl ϩ 0.1 M CaCl 2 ·2H 2 O ϩ 0.0011 M SrCl 2 ·6H 2 O; I ϭ 0.79 M). The DC experiments were not duplicated.
All experiments from 40Њ to 100ЊC were conducted in 125 ml PTFE bottles whereas experiments performed above 100ЊC were conducted in 125 ml PTFE-lined stainless steel bombs at equilibrium vapor pressure. Temperatures were maintained in the range 40Њ to 80ЊC by water baths (Ϯ 1ЊC) and in the range 100-200ЊC by laboratory ovens (Ϯ 2ЊC). Upon completion of the experiments, reactants were filtered through 0.45 m membrane filters, and solids were repeatedly rinsed in distilled deionized water, then dried at 60ЊC. The solids were analyzed by XRD to ensure complete conversion to calcite. However, the DC experiments at 40Њ and 60ЊC did not completely convert to calcite. The proportion of calcite to dolomite in these two samples was quantified by Rietveld refinement of XRD data (Table 1) . D values of these calcites were calculated based on c Sr the wt % calcite determined by this method, which has a reported accuracy of better than 2.5% (Bish and Post 1993) . A portion of each solid was leached in 1 N HCl, then filtered through a 0.45 m membrane filter. These solutions were analyzed for Sr and Ca by flame atomic absorption spectroscopy using a Perkin Elmer 5000 atomic absorption spectrophotometer. Sr concentrations were determined by the standard additions method. Mean relative error of Sr and Ca analyses was estimated to be less than 3%. Propagation of these analytical errors to calculated D values is less than 6%. Because of the large solution-to-solid ratio in these experiments, the Sr/ Ca ratios of the solution remained approximately constant throughout the experiments (Ͻ 8% maximum variation for DC, Ͻ 6% maximum variation for AC). Final solution compositions were not measured. Therefore, variability of Ca in solution during DC experiments was calculated from the stoichiometry of the reaction (i.e., decreasing Ca in solution), whereas maximum variability of Sr in solution for both experimental sets was calculated from the maximum Sr content of the product (i.e., decreasing Sr in solution). This near-constancy eliminates the need to assume a model for the evolution of solution composition during the course of the experiments. Consequently, the homogeneous distribution coefficient (the nonthermodynamic partition coefficient of Morse and Bender 1990) , D , can be cal- 
RESULTS
The results of the D experiments are reported in Table 1 As previously mentioned, the DC experiments at 40Њ and 60ЊC did not go to completion; therefore, they did not reach equilibrium. However, the extent of reaction of each experiment was substantial (89.2% and 80.7%, respectively) ( Table 1) .
Some of the scatter in the AC experiments at higher temperatures may result from significant AC reaction commencing at lower than the target temperature during temperature run-up, once the bomb had been placed in the oven (Fig. 1) . For example, full AC conversion took place in less than one day at 200ЊC, hence substantial AC conversion could have occurred in the first hour as the bomb equilibrated at the ambient oven temperature. At the slower reaction rates of DC transformation, this effect would not have been significant (Table 1) .
DISCUSSION
It is apparent from Figure 1 that the D values determined from DC c Sr reactions are lower than those determined by AC transformations. The four experimental variables that are most likely responsible for this difference are (1) precipitation rate of calcite, (2) Sr/Ca ratio of the starting solution, (3) ionic strength of the starting solution, and (4) Mg content of the calcite.
Because both AC and DC experiments were performed with the same Sr/Ca ratio, approximately 0.01, differing Sr/Ca ratio of the solutions cannot be invoked. Previous studies have examined variation in D in calcites c Sr as a result of differences in the ionic strength of the solution, although with contrasting results. Zhong and Mucci (1989) concluded from direct precipitation experiments conducted over wide-ranging salinities (S ϭ 5 to 44) that the salinity of the parent solution had little effect on the partition coefficient of Sr 2ϩ in calcite. Pingitore and Eastman (1986) documented an increase of the rate of calcite precipitation with increasing ionic strength for solutions of equivalent saturation state, but D of the c Sr products was not determined (Zuddas and Mucci 1998) . Because both of our experiments were conducted in solutions with similar ionic strengths (I DC ϭ 0.79 M and I AC ϭ 0.86 M), it seems unlikely that this slight variation in ionic strength could be responsible for the difference in D .
c Sr Although the starting experimental solutions were Mg-free in both experimental sets, the conversion of dolomite to calcite releases Mg to the solution, which then can be incorporated into the precipitating calcite. As previously mentioned, the final solution compositions were not measured. The Mg content of the calcite was also not determined, but XRD patterns indicate that all products were LMC. In the following discussion, we calculate the maximum Mg in solution and the resulting Mg content in precipitating calcites formed during DC experiments on the basis of the stoichiometry of the reaction and available data from the literature.
If all the dolomite was converted to calcite, the Mg concentration of the final solution can be calculated to be 8.13ϫ10
Ϫ3 M and Mg/Ca ϭ 8.62ϫ10
Ϫ2 (Mg ϭ 1.36ϫ10 Ϫ2 M and Mg/Ca ϭ 0.144 for the two experiments (60Њ and 78ЊC) with 250 mg starting material). The literature on the incorporation of Mg in calcite is quite extensive and will not be reviewed (e.g., Mucci and Morse 1990) . Probably the most critical factor determining Mg content in precipitating calcite is the solution Mg/Ca (e.g., Mucci and Morse 1983) . In direct precipitation experiments, Mucci and Morse (1983) Although we believe the D determined by Howson et al. (1987) to be c Mg more applicable because it was determined for LMCs at solution Mg/Ca ratios similar to our DC experiments, we also calculate the Mg content using the higher D of Mucci and Morse (1983) Mucci and Morse (1983) . It is certainly greater than 0.03; therefore, we choose a substantially higher value of 0.1 to establish the probable maximum end member. Using a D of 0.1, the Mg content of c Mg the precipitating calcite is calculated to be 0.9 mol % MgCO 3 (1.4 mol % MgCO 3 for the two experiments that utilized 250 mg). Because Mg incorporation has also been observed to be temperature dependent (e.g., Burton and Walter 1987; Mucci 1987; Bertram et al. 1991) , the higher-temperature DC experiments may have slightly higher Mg contents than calculated. Mucci and Morse (1983) 
Comparison with Previous Studies
Experimental distribution coefficients can be affected by the thermodynamic properties of temperature, pressure, and composition, as well as kinetic influences such as growth rate and surface chemistry (e.g., Mucci and Bender 1990) . In fact, Morse and Bender (1990) contend that experimental distribution coefficients are phenomenological measurements that are valid only under the conditions in which they were produced. It is not surprising that some significant differences exist between the results of our study and those of previous workers (Fig. 2) . The set of experiments conducted by Baker et al. (1982) is the only other study in which the experimental conditions were nearly equivalent to our study. The data from their AC experiments at a solution Sr/Ca ratio of approximately 0.01 and similar ionic strengths fall close to the trend of the AC experiments of this study. However, the results of their AC experiments conducted at a Sr/Ca ratio of approximately 0.1 produced a lower D . Similar c Sr behavior was noted by Katz et al. (1972) and Pingitore and Eastman (1986) . To explain this behavior, Pingitore and Eastman (1986) proposed a multiple-site model in which Sr occupies both lattice and nonlattice sites. They suggested that because the number of nonlattice sites is limited relative to the number of lattice sites, the effect of Sr occupation of nonlattice sites is significant only at low solution Sr/Ca ratios. This hypothesis is consistent with the recent experiments conducted by Humphrey and Howell (1999) that showed D was independent of solution Sr/Ca ratios over the range c Sr 0.007-0.019, which are elevated relative to those in the study of Pingitore and Eastman (1986) .
As previously mentioned, the results of the AC experiments of Katz et al. (1972) Katz et al. 1972 , Baker et al. 1982 Pingitore and Eastman 1986), thus this may be obscuring any temperature effect. In addition, it is not typically noted that Katz et al. (1972) observed a large apparent temperature dependence in their non-agitated experimental runs. They attributed this effect to the relative difference in the rates of reaction over the temperature range studied. At lower temperatures, presumably lower reaction rates, diffusion was able to export excess Sr left by the dissolved Sr-enriched aragonite in the vicinity of the growing calcite crystal. They hypothesized that at elevated temperatures, diffusion could not smooth this gradient, producing higher Sr concentrations in the vicinity of the dissolving and reprecipitating solids. In these experiments, they observed distribution coefficients that varied from 0.11 at 40ЊC to 0.42 at 98ЊC, which is a significant difference from experiments like ours in which Sr in the system is introduced via the fluid rather than through the dissolving aragonite. Humprey and Howell (1999) (1987) estimated that equilibrium was approached in their 100ЊC experiments (ϳ 54 days), and was achieved at 150ЊC (ϳ 25 days) and 200ЊC (ϳ 10 days). In our experiments, dolomite completely converted to calcite in less than five days at 100ЊC, less than four days at 160ЊC, and less than three days at 198ЊC (Table 1) . The implied reaction rates in the two studies are somewhat closer at elevated temperature and are substantially different at lower temperature; that is one possible explanation for the higher temperature convergence of D values in the two studies (Fig. 2) . suggested that this value may be applicable to low-temperature diagenetic calcites that form at slow growth rates. This value is similar to the present values determined at the lower end of the experimental temperature range. At the higher temperatures expected during deeper burial diagenesis and at hydrothermal conditions, our results suggest that higher D values may be c Sr more appropriate.
The comparison in the preceding discussion shows that even with the same experimental reactions (AC and DC transformations), but with somewhat different experimental parameters (solid/solution ratio, ionic strengths, surface area, precursor solids, etc.), different results can be produced. It is difficult to duplicate all the properties of natural systems and still achieve meaningful experimental results. Our experimental solutions were explicitly designed to approximate pore-fluid compositions (i.e., with little to no Mg and SO 4 ) encountered during ODP Leg 139. Moreover, the results of the present study, the only study conducted in solutions with Sr/Ca ratio and ionic strengths similar to marine pore fluids and over the broad range of temperatures encountered during burial diagenesis (though not at elevated pressures), may be generally applicable to the study of marine diagenetic and hydrothermal calcites.
Application of D to Natural Diagenetic Calcites c Sr

ODP Leg 139, conducted in Middle Valley of the northern Juan de Fuca
Ridge, was initiated to investigate the hydrothermal processes and products on a sediment-covered seafloor spreading center. In this setting, carbonates are an important component of the largely hemipelagic and turbiditic sediments. Biogenic calcite (foraminifers and coccoliths) is the major source of primary sedimentary carbonate. In addition, hydrothermal and diagenetic carbonate cements and nodules are common. These carbonates originate in various ways, including (1) rapid recrystallization of biogenic carbonates driven by the extraordinarily high thermal gradients, (2) microbial anaerobic oxidation of thermogenic methane, resulting in precipitation of highMg calcite (HMC) cement (e.g., Site 858), and (3) oxidation of organic carbon during microbial sulfate reduction, resulting in precipitation of LMC and dolomite (Baker et al. 1994a ). For most Leg 139 sites away from areas of active venting (e.g., Site 857), the appearance of diagenetic carbonates coincides with the downcore disappearance of biogenic calcite. Baker et al. (1994a) interpreted this observation to indicate that most diagenetic carbonate is derived, at least partially, from dissolution of biogenic carbonate. For the present study, only data from samples in Baker et al. (1994a) below the reported last occurrence of biogenic carbonate that were clearly identified as either diagenetic HMC or LMC were used; samples containing dolomite or mixtures of carbonate phases were avoided.
ODP Hole 858D.-ODP Hole 858D was drilled into the center of an active vent field where the measured temperature gradient was 10.5ЊC/m . Temperatures calculated from oxygen-isotope compositions of sedimentary calcites indicate that the calcites are in isotopic equilibrium with pore waters at their present burial depths (Baker et al. 1994a) . In this hole, carbonate nodules are present at less than one meter below the seafloor (mbsf), but not below 23 mbsf. HMC is the only carbonate phase that is found shallower than 12.3 mbsf, and the Mg content of these HMCs decreases with increasing burial depths. Dolomite is present as nearly pure beds of uncemented rhombs at depths from 12.3 to 13.6 mbsf. Below 13.6 mbsf, carbonates are either LMC or HMC.
Most HMCs from Hole 858D are enriched in Sr relative to predicted values calculated from observed Sr/Ca ratios in pore water Wheat and Mottl 1994) and from our experimental data (Fig. 3) . In contrast, the Sr/Ca values of the LMCs are closer to predicted equilibrium values (Ͻ 1% to 23% variation from predicted values, mean ϭ 16.6%).
There is a positive correlation between the Sr and Mg content of Hole 858D calcites (Fig. 4) . Baker et al. (1994a) suggested that the high degree of supersaturation required for precipitation of metastable HMC on the deep seafloor is responsible for the incorporation of elevated concentrations of Sr in calcites from Hole 858D. Such covariance between Sr and Mg has been observed in previous studies of experimental calcites (e.g., Mucci and Morse 1983 ) and natural calcites (e.g., Carpenter and Lohmann 1992) ; however, the mechanism producing this relationship has been debated. Mucci and Morse (1983) suggested that distortion of the calcite lattice, caused by substitution of the smaller Mg ion for Ca, allows increased incorporation of the larger Sr ion in nearby sites. Alternatively, Tesoriero and Pankow (1996) hypothesized that an inhibitory effect of Mg on calcite precipitation kinetics (e.g., Reddy and Wang 1980) results in locally higher precipitation rates on the calcite surface, thus increasing Sr incorporation. It should also be noted that a growing literature has documented compositional sector and intrasectoral zoning in calcites, including nonequivalent partitioning of Mg and Sr between crystal faces (e.g., Reeder and Grams 1987; Reeder 1990, 1995) . These studies and others indicate that crystal structure and growth mechanisms can be important in traceelement incorporation. The bulk analyses of both the experimental products and natural samples in this study average the effects of any compositional zoning.
To test the hypothesis of Baker et al. (1994a) that the elevated concentrations of Sr in HMCs are a result of their rapid precipitation from supersaturated conditions, we have calculated the calcite and dolomite saturation states (⍀) of fluids recovered from Hole 858D (Table 2) using data on interstitial water from and the program EQPITZER (He and Morse 1993) . The methods of calculation are described in Morse See text for details on calculations * Seawater composition reported in Butterfield et al. (1994). and Mackenzie (1990) . For these calculations, the reported geothermal gradient ) was used to estimate temperatures and the combined water and sediment depth was used to estimate the hydrostatic pressure. The data reported for ''background seawater'' values by Butterfield et al. (1994) , in a study of hydrothermal vent fluids near Site 858, were used for calculation of the saturation state of seawater with respect to calcite and dolomite at the appropriate pressure and temperature. Carbonate species have not yet been parameterized in Pitzer models beyond 90ЊC (He and Morse 1993) . Thus, saturation calculations were restricted to the upper ϳ 10 mbsf at Hole 858D.
The saturation state increases from undersaturated values in overlying seawater to highly supersaturated with respect to LMC (⍀ calcite ϳ 10) in the pore waters of the upper 10 mbsf ( Table 2 ). The rates of precipitation implied by the calculated saturation state, producing a metastable HMC in this setting, are consistent with their elevated Sr contents relative to calcite forming from the recrystallization of a precursor phase, presumably at much lower rates (e.g., Lorens 1981) . We believe this to be the most reasonable explanation for the elevated Sr contents of the HMCs in the upper 12 mbsf and the closer agreement between the measured Sr content of the deeper LMCs and predicted equilibrium values (Fig. 3) .
ODP Hole 857C.-ODP Hole 857C is located 1.6 km from Hole 858D. The site is characterized by high heat flow and is considered to contain a hydrothermal reservoir beneath the thick sediment fill (ϳ 900 m), where high-temperature fluids interact with the upper igneous crust and supply fluids to nearby seafloor vents . It is apparent from observed interstitial water and Sr isotopic gradients Baker et al. 1994b ) that there is some basement-derived advection of hydrothermal pore fluids at this site, probably along an intersected normal fault (Rohr and Schmidt 1994) . Age constraints are limited at Site 857, principally because of the high geothermal gradient and the resulting rapid alteration of biogenic components. On the basis of coiling direction of Neogloboquadrina pachyderma, Brunner (1994) placed the base of marine isotope stage 5 (ϳ 125,000 yr) at 40 mbsf. No biostratigraphic age determinations are possible below 40 mbsf, and the total sediment thickness is unknown. However, the sedimentary section overlies Brunhes-age crust, which has an estimated age of 250,000 yr, calculated from spreading rates and other geophysical characteristics (Davis and Villinger 1992) . Thus, most of the sedimentary sequence was deposited between 250,000 and 125,000 yr, with sedimentation rates decreasing substantially after 125,000 yr.
At Site 857, diagenetic carbonates are present over an interval from about 46 to 461 mbsf. The dominant diagenetic carbonate phase above 105 mbsf is dolomite. All of the carbonates below 105 mbsf are calcites, with magnesium contents generally decreasing downcore (Baker et al. 1994a) . Only four of these calcites can be classified as HMC (Fig. 5) , though Mg contents are quite low (5.3-7.4 mol % MgCO 3 ; mean ϭ 6.1 mol %). Temperatures calculated from oxygen-isotope compositions indicate that most carbonates in Hole 857C are close to, but not quite in, isotopic equilibrium with pore waters at their present burial depths (Baker et al. 1994a; Früh-Green et al. 1994) . The isotopically calculated geothermal gradient is about 0.53ЊC/m (Baker et al. 1994a) , whereas the present-day measured gradient is somewhat higher, 0.71ЊC/m . Früh-Green et al. (1994) proposed three possible explanations for this apparent difference: (1) mixed generations of carbonate were precipitated with increasing burial depth and temperature, (2) the present-day geothermal gradient is higher than when carbonates precipitated, or (3) pore fluids were enriched in 18 O, possibly by high-temperature reaction with the underlying igneous crust. All of these explanations are geologically reasonable for this setting, and in addition, could be acting in combination.
The Sr/Ca values of diagenetic LMCs from Hole 857C (Fig. 5 ) are nearly the same as predicted Sr/Ca values in some instances but are substantially different in others (again calculated from the Sr/Ca ratios of the pore waters Wheat and Mottl 1994) and our experimental data). In particular, subsamples of nodules show variations in both the Sr/Ca values and ␦ 18 O compositions (Figs. 5, 6 ). We propose that variations of the Sr/ Ca values of the solid that are observed at any one depth reflect the Sr/Ca values of pore fluids at the time that part of the nodule formed or recrystallized. For example, the offset between the solid peak recorded in several samples at ϳ 350 mbsf and the solute peak at ϳ 250 mbsf may attest to the ''memory'' of carbonates when they precipitated, when they recrystallized, or as they successively accreted carbonate from pore waters of varying composition at increasing depth, assuming a steady-state profile of dissolved strontium. Alternatively, deviations may reflect that the dissolved strontium profile is a non-steady-state feature. Any such trends may best be recorded in subsamples of nodules.
If we examine more closely the subsampled nodule at 276 mbsf (Fig.  6B) , then calcite precipitating at this depth (196.1ЊC) should have ␦ 18 O of Ϫ20.5‰ PDB, using the present-day geothermal gradient (0.71ЊC/m), the temperature dependence of the fractionation factor for oxygen isotopes between calcite and water determined by O'Neil et al. (1969) , and, in the absence of reported measurements, the assumption that pore-fluid ␦ 18 O is 0‰ SMOW. The ␦ 18 O values of the subsampled nodule range from Ϫ14.7‰ to Ϫ16.9‰ PDB. If these compositions represent the temperature of formation or recrystallization of that part of the nodule and the geothermal gradient at the time of formation was the same as today, then the calcite precipitated over the temperature range of 113Њ to 139ЊC (ϳ 159 to 196 mbsf). However, the ␦ 18 O composition increases toward the outer rim, which suggests that the some of the assumptions made above in the calculation may not be valid. The ␦ 18 O trend suggests that either (1) temperatures decreased as the nodule grew, or (2) the ␦ 18 O composition of the pore fluids increased during growth of the nodule.
Thermal modeling of past temperatures of sediments at Site 857 estimates that the sediment at all levels has warmed throughout the history of deposition, although the temperature has probably been close to the present thermal structure over the last 100,000 yr and may never have been higher than now (Davis and Wang 1994) . In contrast, the thermal alteration of sedimentary kerogen suggests that in the past, several intervals in Hole 857C may have been hotter than they are now (Whelan et al. 1994 ). Therefore, we cannot eliminate the possibility that temperatures decreased as the nodule grew. Alteration of igneous crust at high temperatures can enrich pore fluids in 18 O (Craig et al. 1980; Bowers and Taylor 1985) . The Sr isotopic composition of pore fluids at Site 857 indicates that there has been mixing in the sediment column between seawater and basement fluids whose strontium is solely derived from basalt (Baker et al. 1994b) . Thus, it is reasonable to expect that the ␦ 18 O of pore fluids also shows the effect of high-temperature alteration of the basaltic basement, especially if the nodule grew with increasing depth. The nodule subsampled at ϳ 360 mbsf also shows an increase in ␦ 18 O composition at the outer rim, whereas the shallowest subsampled nodule (ϳ 144 mbsf) exhibits no ␦ 18 O trend (Fig.  6A) . The data and interpretations discussed above suggest that the three previously mentioned explanations proposed by Früh-Green et al. (1994) for the difference in ␦ 18 O calculated temperatures and the present-day geothermal gradient are all possible and each may contribute to this apparent offset to some extent.
That some samples record substantial growth histories over increasing burial depths and temperatures through pore waters with variable Sr/Ca composition is a reasonable explanation for calcites with measured Sr/Ca values that deviate substantially from predicted equilibrium ratios. In addition, if recrystallization has proceeded to differing extents in different samples, then some samples may not have reached final equilibrium Sr/Ca values; this may be another explanation for the samples that deviate from predicted equilibrium values.
In contrast to Hole 858D, the Sr contents of HMCs from Hole 857C are not enriched relative to LMCs. The HMCs found at Hole 858D are unique to the area of active venting (i.e., not Hole 857C). As previously mentioned, the Hole 858D HMCs form as the result of microbial anaerobic oxidation of thermogenic methane, probably very near the seafloor, where SO 4 is available (␦ 13 C of Hole 858D HMCs is as low as Ϫ36‰; Baker et al. 1994a) . The HMCs reported from Hole 857C are much deeper, 114-144 mbsf. The inferred downcore paragenesis at Hole 857C is dolomite → LMC with an intermediate HMC phase (Baker et al 1994a) , consistent with the sharply decreasing pore-fluid Mg/Ca ratios downcore (Mg/Ca ϭ 5 at ϳ seafloor, 0.5 at 115 mbsf, and Ͻ 0.1 below 150 mbsf) and the saturation state of the waters with respect to dolomite and calcite (Table 2 ). This observation implies that the HMCs at Hole 857C formed as a result of recrystallization, presumably at slower precipitation rates, and consequently have lower Sr contents than the HMCs at Hole 858D.
CONCLUSIONS
We measured the temperature dependence of D in calcite formed from 
